The relative magitude of adjustment in osmotic potential (i',) of water-stressed cotton (Gossypium hirsutum L.) leaves and roots was studied using plants rised in pots of sand and grown inn g rowth chamber.
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One and three water-stress preconditioning cycles were imposed by withholding water, and the subsequent adjustment in solute potential upon relief of the stress and complete rehydration was monitored with thermocoupl, psychrometers. Both leaves and roots ex!ibited a substantial adjustment in A,k in response to water stress with the former exhibiting the larger absolute adjustment. The osmotic adjustment of leaves was OA megpascal compared to 0.19 megapasca in the roots. The roots, however, exhibited much larger percentage osmotic adjustments of 46 and 63% in the one and three stress cycles, respecdvely, compared to 22 and 40% in the leaves in similar stress cycles. The osmotically adjusted condition of leaves and roots decreased after relief of the single cycle stress to about half the initial value within 3 days, and to the well-watered control level within 6 days. In contrast, increasing the number of waterstress preconditioning cycles resulted in significant percentage osmotic adjustment still being present after 6 days in roots but not in the leaves.
The decrease in ,6, of leaves persisted longer in field-grown cotton plants compared to plants of the same age grown in the growth chamber. The advantage of decreased A, in leaves and roots of water-stressed cotton plants was associated with the maintenance of turgor during periods of decreasing water potentials.
Recently, a number of researchers have proposed that osmotic adjustment can play a significant role in maintaining the turgor relations of crop plants subjected to water deficits (12, 13, 24, 25, 27) . Osmotic adjustment, the major mechanism of turgor maintenance (30) , is the lowering of osmotic potential by solute accumulation in contrast to that arising solely from solute concentration due to a decrease in cell volume (12, 27) . Osmotic adjustment is a well established process, and such adjustments have been documented in response to water stress in a number of crop species (18) , as well as in response to salinity (4) . Most research, however, has been confined to the leaves, although osmotic adjustment has been documented in the roots of a few species including peas (10) , English oak and Silver birch (23) , and maize (24) .
In cotton, as in other crops, research on osmotic adjustment has focused on the above ground plant parts (2, 3, 7, 8) and there are few reports of adjustments in the water relations of cotton roots in response to water stress. Decreases in root hydraulic conductivity (20) and in root pressure and changes in pressure-'Published with permission of the Director of the Arkansas Agricultural Experiment Station. flux relationships (22) have been reported for cotton after periods of water stress, but except for our preliminary report on this study (21) , adjustments in osmotic potential ofcotton roots have not been documented. The objectives of this study, therefore, were to investigate the ma,gnitude of osmotic adjustment in cotton leaves and roots in response to water stress, and to evaluate the persistence of the osmoticaly adjusted condition after relief of the stress. (19) . The psychrometers were calibrated by a graded series of standard NaCl solutions on saturated pieces of filter paper placed in the psychrometer chamber assembly. Leaf disc samples (0.9 cm diameter) were rapidly sealed into the chamber in less than 10 s using a specially designed leaf-disc sampler (29) . Root samples were obtained by inverting the pot and carefully removing the root system. The root system was shaken to remove the sand and gently blotted dry before being placed in the psychrometer sample chamber. The root samples (approximately 1/2 to 1/3 of the total) were placed inside the psychrometer chamber surrounding the screen cage in less than 30 s. Sampling of both leaves and roots was conducted inside a humidified chamber to prevent evaporative losses. Osmotic potentials were measured after the psychrometer-sample-chamber assembly was frozen in liquid N2 for 3 min, thawed at room temperature for 30 min, and then allowed to equilibrate in an isothermal (25°C) waterbath for 4 h. A Peltier cooling current of 5 mamp was applied for 15 s, and the microvolt output was recorded with a microvoltmeter and a strip-chart recorder.
MATERIALS AND METHODS

RESULTS AND DISCUSSION
The components ofwater potential for leaves and roots following a preconditioning water-stress treatment are shown in Table   II . These values were recorded at the completion of a stress cycle Changes in A1, g, and RWC of the upper-most mature leaf during the water-stress preconditioning period are shown in Figure 1 . Leaf RWC ranged from 86 to 90% in the control and from 70 to 89% in the stress treatment. This range was slightly higher than reported values for field-grown cotton (14) . RWC initially declined before /, although t eventually fell much more rapidly than RWC or g, during the stress with daily fluctuations being not as great as in the field (6, 14) . Leaf water potentials in the preconditioning stress treatment reached between -2.0 and -3.3 MPa, which compare with values approaching -3.0 MPa in the field (6) . The water stress probably developed more rapidly in the pots than would have occurred in the field due to the relatively small size of the containers and the poor water-holding capacity of sand. Acclimation in g, (Fig. 2 ) was observed and indicated that the stressed cotton plants were exhibiting an adjustment to the water stress to which they were exposed (i.e. responding to the water stress by maintaining open stomates to lower values of water potential than did the well-watered control plants).
Water stress resulted in a significant decrease in both leaf and root osmotic potential (Fig. 3) (Fig. 3) . Apparently, the greater the stress duration, the larger the resulting adjustment in osmotic potential. This result supports the concept that the effect of the stress is related to the duration and the severity of the treatment (5) .
In contrast to the larger absolute change in the magnitude of As observed with leaves, the roots exhibited a much larger percentage adjustment (Fig. 3) . Leaf osmotic potentials were significantly decreased by 22 and 40% in the one and three stress cycles, respectively, whereas in roots, water stress resulted in comparatively larger percentage osmotic adjustments of 46 and 63% in corresponding stress cycles. The advantage of this large percentage adjustment in roots in drying soils would be the maintenance of root cell turgor and thus, the maintenance of root growth as water potential declines (25) . Decreased osmotic potentials are usually attributed to increases in solute accumulation and cell elasticity, which allow the plant to maintain positive turgor to lower values of water potential.
The persistence of the osmotically adjusted state recorded 0, 3, and 6 d after the water-stress preconditioning treatments were relieved is presented in Table III . The osmotically adjusted condition of leaves decreased fairly rapidly after a single stress treatment, from 22 to 13% within 3 d of relieving the stress to control levels after 6 d. In the roots, the percentage osmotic adjustment declined from 46 to 18% in 3 d and to control levels after 6 d.
The effect of an increased number of water-stress preconditioning cycles was to increase the initial osmotic adjustment in both the leaves and the roots (Table III) , and this increase resulted in a greater persistence of osmotic adjustment after 3 d with the percentage adjustment being double that ofthe single stress cycle treatment. After 6 d the A1, in leaves was back to control levels, whereas the root As was still significantly lowered by 19% compared to the control and the single stress cycle. The greater persistence of the osmotically adjusted state in the roots may allow continued turgor maintenance thus giving the preconditioned plants a greater advantage in subsequent water deficit conditions.
The decrease in osmotic potential persisted longer in mature leaves offield-grown cotton plants than in growth chamber plants of the same age. The senior author has consistently recorded lowered leaf As,, values 2 weeks after water stress in field-grown cotton plants similar in age to those used in the present growth chamber study (data not presented). The magnitude of osmotic adjustment in field-grown cotton was more than twice that in leaves from growth chamber plants and may, therefore, have been expected to last somewhat longer. The osmotic adjustment would also be expected to diminish quicker in actively growing tissue by dilution due to cell expansion. In cotton, 4V and g, recover to control levels within days after relief of the stress, but 4, remains lower than that of the control for about a week (TC Hsiao, personal communication, May 1986) and, thus, maintains a higher turgor enabling rapid growth following the relief of the stress.
Although osmotic adjustment has been documented in the leaves of a number of crop plants including cotton (2, 8) , wheat (17) , maize (1, 16) , sorghum (13, 26) , rice (9), barley (15), pearl millet (1 1), and sunflower (26) , it has been recorded in the roots of only a few plants (10, 23, 24) . Our observations are the first of osmotic adjustment in cotton roots.
Turner (25) has suggested that low soil water contents may override any turgor maintenance by the shoot and speculated that osmotic adjustment may be effective in maintaining growth processes of the shoot in the face of declining soil water contents only if osmotic adjustment of the roots also occurred. Our results show that cotton exhibits substantial osmotic adjustment in roots as well as in the leaves. The benefits of this adjustment may be the enhancement of the capacity of the cotton plant to maintain positive turgor for continued growth, particularly in roots, during water deficits. Turner (25) has also suggested that the growing root tips in the lower part ofthe profile are the most likely sensors of soil dehydration and that osmotic adjustment of these will, therefore, be of paramount importance in maintaining the balance of the phytohormones regulating shoot growth.
CONCLUSIONS
Osmotic adjustment in the cotton plant has been clearly demonstrated, with the roots exhibiting a smaller absolute decrease in As but a considerably larger percentage adjustment than leaves. However, the osmotically adjusted state appeared to decline fairly rapidly after relief of the stress and approached that of the well-watered control within a week. The magnitude and persistence of the adjustment were related to the severity of the preconditioning stress. The obvious advantage of osmotic adjustment was the enhancement of the capacity of a plant to maintain positive turgor, particularly in roots, during water deficits.
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